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(54) Stereo demultiplexer 

(57) A stereo demultiplexer is proposed which can 
be calculation power efficiently implemented in a DSP. 
Modern digital FM receivers exploit the information con- 
tent in the in quadrature component of the modulated 
difference signal for a noise reduction. The proposed 
stereo demultiplexer derives the in phase component 
and the in quadrature component of the difference sig- 
nal with a minimized number of sinus and cosinus cal- 
culations by first downconverting the modulated differ- 
ence signal to a not synchronized complex baseband 
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signal on basis of a fixed frequency, thereafter a com- 
plex sampling rate decimation unit sampling rate deci- 
mates the not synchronized complex baseband signal 
with a factor N and a second complex mixer synchroniz- 
es and coherent demodulates the sampling rate deci- 
mated not synchronized baseband signal on basis of a 
first complex carrier signal derived on basis of the pilot 
carrier signal and the fixed frequency. The proposed 
stereo demultiplexer can easily be combined with a 
noise reduction system and the digital demodulation of 
the RDS and ARI signals. 



Figure 1 
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Description 

[0001] The present invention is directed to a stereo 
demultiplexer, in particular to a stereo demultiplexer re- 
alizing a calculation power efficient demodulation of the 
in phase and in quadrature components of the stereo 
difference signal. 

[0002] A calculation power efficient stereo demulti- 
plexer was already proposed in European patent appli- 
cation 99 120 798.6 of the applicant which is incorpo- 
rated by reference herein. This stereo demultiplexer 
performs a calculation power efficient demodulation of 
the stereo difference signal, but only the in phase com- 
ponent of the modulated difference signal is demodulat- 
ed. Modem denoising system, as proposed for example 
in European patent application 00 124 466.4 of the ap- 
plicant which is incorporated by reference herein, re- 
quire the demodulation of the in phase component and 
the in quadrature component of the difference signal for 
a noise reduction. 

[0003] Therefore, it is the object underlying the 
present invention to provide a calculation power efficient 
stereo demultiplexer and methodto demultiplex a stereo 
multiplex signal. 

[0004] The stereo demultiplexer according to the 
present invention is defined in independent claim 1 . The 
method to demultiplex a stereo multiplex signal is de- 
fined in independent claim 5. Preferred embodiments 
thereof are respectively defined in the respective follow- 
ing subclaims. A computer program product according 
to the present invention is defined in claim 9. 
[0005] Therefore, a stereo demultiplexer according to 
the present invention receives a stereo multiplex signal 
which comprises at least a difference signal, and a pilot 
carrier signal is characterised by a first complex mixer 
to downconvert the modulated difference signal to a not 
synchronized complex baseband signal on basis of a 
fixed frequency, a complex sampling rate decimation 
unit receiving the not synchronized complex baseband 
signal and sampling rate decimating said signal with a 
factor N and a second complex mixer synchronizing and 
coherent demodulating the sampling rate not synchro- 
nized complex baseband signal on basis of a first com- 
plex carrier signal derived on basis of the pilot carrier 
signal and the fixed frequency. 
[0006] Corresponding thereto the method according 
to the present invention to demultiplex a stereo multiplex 
signal which comprises at least a difference signal and 
a pilot carrier signal is characterised by the steps of: 
downconverting the modulated difference signal to a not 
synchronized baseband signal on basis of a fixed fre- 
quency, sampling rate decimating the not synchronized 
baseband signal with a factor N and synchronizing and 
coherent demodulating the sampling rate decimated not 
synchronized complex baseband signal on basis of a 
first complex carrier signal derived on basis of the pilot 
carrier signal and the fixed frequency. 
[0007] Therefore, the demultiplexer and method to 



demultiplex a stereo multiplex signal according to the 
present invention minimise the number of sinus and co- 
sinus calculations which are needed for the synchroni- 
zation and coherent demodulation. The sinus/cousinus 

5 operations are performed at a reduced sampling rate. 
Only one sinus and one cousinus need to be calculated 
per sample of the reduced sampling rate. 
[0008] In particular, the present invention enables to 
combine the power efficient demodulation of the stereo 

10 difference signal in combination with a noise reduction 
system, since the in phase component as well as the in 
quadrature component of the difference signal are syn- 
chronized and coherent demodulated. Furthermore, the 
digital demodulation of the RDS and ARI signals is eas- 

15 ily combined with the stereo demultiplexer according to 
the present invention, since the downconversion and 
sampling rate decimation of the RDS and ARI carriers 
is done with the same sampling rate decimation filters 
that are used to sampling rate decimate the stereo dif- 

20 ference signal. Since the sampling rate decimated com- 
plex baseband signal which is not synchronized can be 
used for the decoding of the ARI and RDS data signal, 
the system has the advantage that the RDS carrier syn- 
chronization loop (COSTAS loop) is not affected by the 

25 tracking of the DPLL (Digital Phase Locked Loop) circuit 
which is needed for synchronization and coherent de- 
modulation so that a faster RDS synchronization can be 
achieved. 

[0009] Therefore, when the modulated difference sig- 

30 nal is denoted as helper signal, the stereo demultiplexer 
according to the present invention is preferably charac- 
terised by a DPLL receiving the pilot carrier signal and 
generating a first complex helper carrier signal that is 
locked to the second harmonic of the pilot carrier signal, 

35 and a third complex mixer to generate the first complex 
carrier signal receiving the first complex helper carrier 
signal and mixing it with a second complex helper carrier 
signal according to the fixed frequency and a correcting 
phase offset so that the synchronized complex base- 

^o band signal comprises in its in phase component the in 
phase component of the synchronized helper signal, i. 
e. the coherent demodulated difference signal, and in 
its in quadrature component the in quadrature compo- 
nent of the synchronized helper signal. 

45 [0010] Alternatively, the DPLL can directly calculate 
the first complex carrier signal that is locked to the sec- 
ond harmonic of the pilot carrier signal and the fixed fre- 
quency and uses a correcting phase offset so that the 
synchronized complex baseband signal comprises in its 

50 jn phase component the in phase component of the syn- 
chronized helper signal, i.e. the coherent demodulated 
difference signal, and in its in quadrature component the 
in quadrature component of the synchronized helper 
signal which calculation is then performed on basis of 

55 the received pilot carrier signal. 

[0011] Furthermore, to demodulate the RDS and ARI 
signals, preferably a fourth complex mixer is provided 
which receives the sampling rate decimated not syn- 
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chronized complex baseband signal to generate RDS 
and ARI signals on basis of a second complex carrier 
signal. 

[0012] The stereo demultiplexer and method to de- 
multiplex a stereo multiplex signal which corresponds to 
the functional definitions given above according to the 
present invention, theirfeatures and advantages will be- 
come more apparent from the following detailed de- 
scription of an exemplary embodiment of a stereo de- 
multiplexer according to the present invention taken in 
conjunction with the accompanying 

Fig. 1 which shows a stereo demultiplexer according 
to the present invention with denoising func- 
tionality and digital demodulation of the RDS 
and ARI signals. 

[0013] The path of the sum signal of the stereo de- 
multiplexer according to the present invention shown in 
Fig. 1 is basically similar to that of the digital stereo de- 
multiplexer disclosed in the above referenced European 
patent application 99 120 798.6. In the stereo demulti- 
plexer as shown in Fig. 1 the stereo multiplex signal - in 
the sum signal path - is input to a first lowpass filter and 
sampling rate decimating unit 7 which output signal is 
again lowpass filtered in a first lowpass filter 8 to be 
thereafter input as minuent into a subtracter 9 and as 
summand into an adder 10. The subtracter 9 receives 
the processed stereo difference signal as subtrahent to 
output the right audio signal and the adder 1 0 receives 
the processed stereo difference signal as summand to 
output the left audio signal. 

[0014] The stereo multiplex signal - in the difference 
signal path - is further input into a first mixer 1 which 
downconverts the modulated difference signal, i.e. the 
helper signal, to a not synchronized complex baseband 
signal on basis of a fixed frequency. The not synchro- 
nized complex baseband signal output by the first mixer 
1 is input to a second lowpass filter and sampling rate 
decimating unit 2 which sampling rate decimates said 
complex signal with a factor N which is similar to the 
sampling rate decimation factor of the first lowpass filter 
and sampling rate decimation unit 7 in the sum signal 
path. The output signal of the second sampling rate dec- 
imation unit 2 is input to a second complex mixer 3 which 
synchronizes and coherent demodulates the sampling 
rate decimated not synchronized complex baseband 
signal on basis of a first complex carrier signal. The syn- 
chronized and coherent demodulated complex base- 
band signal, which comprises in its in phase component 
the in phase component of the synchron ized helper sig- 
nal, i.e. the coherent demodulated difference signal, and 
in its in quadrature component the in quadrature com- 
ponent of the synchronized helper signal, undergoes a 
lowpass filtering in a second lowpass filter 11 before a 
denoising unit 12 which requires the in phase and in 
quadrature components performs a denoising and the 
in phase component is separated by a mixer 1 3 on basis 



of a separation signal to generate the processed stereo 
difference signal which is input to the subtracter 9 and 
the adder 10 as described above. 
[001 5] The first complex carrier signal is generated by 

5 a DPLL (Digital Phase Locked Loop) circuit 4 which re- 
ceives the pilot carrier from the output signal of the low- 
pass filter and sampling decimation unit 7 in the sum 
signal path and generates a first complex helper carrier 
signal that is locked to the second harmonic of the pilot 

10 carrier. This first complex helper carrier signal is input 
to a third complex mixer 5 to be adapted to the fixed 
frequency and a correcting phase offset to synchronize 
the baseband difference signal. The third complex mixer 
5 outputs the first complex carrier signal. 

15 [0016] The output signal of the second lowpass filter 
and sampling rate decimation unit 2 is further input to a 
fourth complex mixer 6 to be modulated with a second 
complex carrier signal. The output signal of the fourth 
complex mixer 6 is input to a third complex lowpass filter 

20 and sampling rate decimation unit 14 decimating said 
signal with a decimation factor M whereafter a COSTAS 
loop 15 performs a synchronization on said signal so 
that a following RDS decoder 1 6 can generate RDS and 
ARI signals. 

25 [001 7] In the following the functionality of the RDS de- 
multiplexer shown in Fig. 1 will be described, wherein 
the modulated difference signal is again denoted as 
helper signal. 

[001 8] The helper signal is downconverted to a com- 
30 plex baseband signal by mixing the helper signal with a 
complex carrier e*J 2 «< f o / < FS )) k l i. e. with a complex carrier 
having a fixed frequency, in the first mixer 1 . The fre- 
quency of this first mixer is fixed, therefore the sinus and 
cosinus values of the mixer can be stored in a very small 
35 table (in the example below a table with 20 entries for f 0 
= 38.4 kHz). 

[0019] The downconverted complex helper signal 
output by the first mixer 1 is filtered and sampling rate 
decimated with a factor N in the second lowpass filter 

40 and sampling rate decimation unit 2. The so generated 
sampling rate decimated baseband signal is not syn- 
chronized to the second harmonic of the pilot carrier. 
Therefore, to generate in phase and in quadrature com- 
ponents of the difference signal, the synchronization/co- 

45 herent demodulation of the baseband signal is per- 
formed by a second complex mixer 3 which mixes the 
not synchronized helper baseband signal with a com- 
plex carrier, i. e. the first complex carrier signal, that is 
generated from the DPLL circuit 4. In the elucidated ex- 

50 ample, as shown in Fig. 1, the DPLL circuit 4 outputs 
the complex 38 kHz carrier el< a "p« / < FS/N ))i , i.e. the first 
complex helper carrier signal, that is locked to the sec- 
ond harmonic of the pilot carier. This first complex helper 
carrier signal is mixed with a second complex carrier 

55 helper signal e^MFSAOji+jq^ to calculate the first com- 
plex carrier signal that is required to synchronize and 
coherent demodulate the baseband helper signal. With 
the correct setting of a correcting phase offset (p Q , the in 
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phase component helper baseband signal contains the 
coherent demodulated difference signal and the in 
quadrature component contains the coherent demodu- 
lated in quadrature component of the helper signal. The 
first complex carrier ei( 2 ^( F ^>>H^(MFS/N))i+j9o can 
either be generated in the DPLL circuit 4 directly (not 
shown) or, as it is proposed for the circuit shown in Fig. 
1, by using the in phase and the in quadrature compo- 
nent el^flPS'N)) 1 of the second harmonic of the pilot 
carrier. 

[0020] The second harmonic of the pilot carrier can 
be calculated very simple from the in phase and in quad- 
rature components of the pilot carrier using trigonomet- 
ric transformations without additional sinus and cosinus 
operations. The in phase and in quadrature components 
of the pilot carrier are required in the DPLL circuit 4 an- 
yway, so that the demodulation of the difference signal 
can be performed without additional sinus and cosinus 
operations. Alternatively, one complex mixer can be 
avoided and the first complex carrier 
^2^(fsm))ni2K^o/(FS/N))i^ can be calculated directly 
in the DPLL circuit 4. 

[0021] The RDS and ARI signals can very simple be 
generated from the complex decimation filter output sig- 
nal by mixing the baseband difference signal with a com- 
plex carrier e-J^WFS/NHi so the sampling rate decima- 
tion filter and the mixer of the difference signal path can 
be used for the decoding of the ARI and RDS data sig- 
nals. This system has the advantage compared to the 
above-mentioned patent application, that the RDS car- 
rier synchronization loop (COSTAS loop) is not affected 
by the tracking of the DPLL circuit 4. Therefore, a faster 
RDS synchronization can be achieved. 
[0022] The main advantages between the invention 
and the state of the art are that the digital demultiplexer 
has a low calculation power consumption, the coherent 
demodulation of in phase and in quadrature compo- 
nents of the difference signal is performed without ad- 
ditional sinus and cosinus operations. Only one sinus 
and one cosinus operation is required per sample of the 
decimated sampling rate. Further, the decimation filters 
of the difference signals can be used for the sampling 
rate decimation of the RDS signal in combination with 
avoiding any influence from the DPLL circuit 4 to the 
RDS carrrier recovery loop, and the DPLL circuit 4 as 
well as the whole difference signal demodulation works 
at a reduced sampling rate. 



Claims 

1. Stereo demultiplexer receiving a stereo multiplex 
signal which comprises at least a difference signal 
and a pilot carrier signal, characterized by 

- a first complex mixer (1 ) to downconvert a help- 
er signal which equals to the modulated differ- 
ence signal to a not synchronized complex 
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baseband signal on basis of a fixed frequency, 

- a complex sampling rate decimation unit (2) re- 
ceiving the not synchronized complex base- 
band signal and sampling rate decimating said 
signal with a factor N, and 

a second complex mixer (3) synchronizing and 
coherent demodulating the sampling rate dec- 
imated not synchronized complex baseband 
signal on basis of a first complex carrier signal 
derived on basis of the pilot carrier signal and 
the fixed frequency. 

2. Stereo demultiplexer according to claim 1 , charac- 
terized by 

a DPLL (4) receiving the pilot carrier signal and 
generating a first complex helper earner signal 
that is locked to the 2nd harmonic of the pilot 
carrier signal, and 

- a third complex mixer (5) to generate the first 
complex carrier signal receiving the first com- 
plex helper carrier signal and mixing it with a 
second complex helper carrier signal according 
to the fixed frequency and a correcting phase 
offset so that the synchronized complex base- 
band signal comprises in its in phase compo- 
nent the in phase component of the synchro- 
nized helper signal, i.e. the coherent demodu- 
lated difference signal, and in its in quadrature 
component the in quadrature component of the 
synchronized helper signal. 

3. Stereo demultiplexer according to claim 1 , charac- 
terized by 

- a DPLL receiving the pilot carrier signal and 
generating said first complex carrier signal that 
is locked to the 2nd harmonic of the pilot carrier 
signal and the fixed frequency and induces a 
correcting phase offset so that the synchro- 
nized complex baseband signal comprises in 
its in phase component the in phase compo- 
nent of the synchronized helper signal, i.e. the 
coherent demodulated difference signal, and in 
its in quadrature component the in quadrature 
component of the synchronized helper signal. 

4. Stereo demultiplexer according to anyone of the 
preceding claims, characterized by 

a fourth complex mixer (6) receiving the sam- 
pling rate decimated not synchronized complex 
baseband signal to generate RDS and ARI sig- 
nals on basis of a second complex carrier sig- 
nal. 

5. Method to demultiplexer a stereo multiplex signal 
which comprises at least a difference signal and a 
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pilot carrier signal, characterized by the steps of: 

downconverting a helper signal which equals to 
the modulated difference signal to a not syn- 
chronized complex baseband signal on basis 5 
of a fixed frequency, 

- sampling rate decimating the not synchronized 
complex baseband signal with a factor N, and 
synchronizing and coherent demodulating the 
sampling rate decimated not synchronized 10 
complex baseband signal on basis of a first 
complex carrier signal derived on basis of the 
pilot carrier signal and the fixed frequency. 

6. Method according to claim 5, characterized by 15 

generating a first complex helper carrier signal 
that is locked to the 2nd harmonic of the pilot 
carrier signal, and 

generating the first complex carrier signal on 20 
basis of the first complex helper carrier signal 
and a second complex helper carrier signal ac- 
cording to the fixed frequency and a correcting 
phase offset so that the synchronized complex 
baseband signal comprises in its in phase com- 25 
ponent the in phase component of the synchro- 
nized helper signal, i.e. the coherent demodu- 
lated difference signal, and in its in quadrature 
component the in quadrature component of the 
synchronized helper signal. 30 

7. Method according to claim 5, characterized by 

- generating said first complex carrier signal that 

is locked to the 2nd harmonic of the pilot carrier 35 
signal and the fixed frequency and induces a 
correcting phase offset so that the synchro- 
nized complex baseband signal comprises in 
its in phase component the in phase compo- 
nent of the synchronized helper signal, i.e. the 40 
coherent demodulated difference signal, and in 
its in quadrature component the in quadrature 
component of the synchronized helper signal. 

8. Method according to anyone of the preceding 45 
claims 5 to 7, characterized by 

generating RDS and ARI signals on basis of a 
second complex carrier signal and the sam- 
pling rate decimated not synchronized complex 50 
baseband signal. 

9. Computer program product, comprising computer 
program means adapted to perform the method 
steps as defined in anyone of cliams 5 to 8 when 55 
executed on a computer, digital signal processor or 
the like. 
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